Background: An outbreak of leishmaniasis caused by Leishmania infantum was declared in the southwest of the Madrid region (Spain) in June 2009. This provided a unique opportunity to compare the management of visceral leishmaniasis (VL) in immunocompetent adults (IC-VL), patients with HIV (HIV-VL) and patients receiving immunosuppressants (IS-VL).
Background
Visceral leishmaniasis (VL) is the most severe clinical manifestation of disease caused by Leishmania parasites. In June 2009, an outbreak of leishmaniasis caused by Leishmania infantum was declared in the southwest of the Madrid region (Spain); the focus was an urban park in the town of Fuenlabrada. The incidence before the outbreak was around 0.2 cases/100,000 inhabitants in the above region, rising to 43.5/100,000 in Fuenlabrada during the outbreak [1] . With more than 700 cases declared by December 2016 (the date of the last official report [1] ) the Fuenlabrada outbreak is the largest in Europe to date, and has not yet been declared over. Although most people affected during this outbreak have presented with cutaneous leishmaniasis, many patients have presented with VL and most of VL patients were immunocompetent and of all ages [2] .
Large outbreaks involving zoonotic parasites such as L. infantum are very uncommon, especially in a European city [3] . The Fuenlabrada outbreak has some peculiarities. For the first time, hares appear to be the main reservoir (dogs, the usual reservoir for L. infantum, appear to have no role) [4] . Furthermore, it involves the ITS-LOMBARDI strain instead of the more common MON-1 strain; this new, poorly characterized strain was isolated from persons with different clinical manifestations of the disease during the outbreak [5] . The clinical behaviour of the disease in such an unusual scenario was therefore unknown. Indeed, we reported the appearance of cases of L. infantum-induced localized leishmanial lymphadenopathy (LLL) during the outbreak. Completely different to VL, this rare and fortunately benign clinical form is not described in clinical guidelines [6] .
It was in 2010 that the WHO first recommended the management of VL to be individualised according to the causal species, the region of the world and patient immunological status {i.e. immunocompetent (IC-VL), co-infected with HIV (HIV-VL) or immunosuppressed (IS-VL) [7] }. These recommendations have been maintained in subsequent guidelines, and there have been no essential changes to recommendations on the management of VL in the Mediterranean area. However, recommendation levels regarding some aspects of diagnosis and treatment are low [3, 8, 9 ]. For instance, there is no certainty regarding the usefulness of the rapid diagnostic test (RDT) based on rK39 since the results reported have been highly variable by region [10] . In addition, the validity of serological tests for HIV-VL patients in the HAART era is unknown [11] and treatment recommendations for L. infantuminduced IC-VL, HIV-VL and IS-VL are based on small series of patients and even individual cases [3, 8, 9] .
In this scenario of uncertainty, the aim of the present work was to describe our clinical experience in the management of such patients, with special attention paid to their immunological status. To our knowledge, this is the first time that personal, epidemiological, analytical, diagnostic, treatment and outcome variables for patients with IC-VL, HIV-VL and IS-VL have been compared for the same outbreak.
Methods

Design
This work was designed as a longitudinal observational study of a cohort of consecutive adult patients with VL treated at the Hospital Universitario de Fuenlabrada (HUF) from June 2009 to June 2018. A descriptive analysis was made of their clinical characteristics, the diagnostic methods employed, their treatment and the progress of their disease.
Fuenlabrada hospital and the surrounding population
The HUF is the only public reference hospital for the city of Fuenlabrada. Located in the southwest of the Madrid region (Spain), its 400 beds serve a population of 221,986 people.
Inclusion and exclusion criteria
All patients had to be at least 14 years of age at the time of diagnosis and fulfil the case definition for VL (see below). Patients who had received a solid organ transplant were excluded.
Definitions
The case definition of VL was clinical manifestations compatible with the condition plus at least one of the following [7] : (i) positive parasitological test (optical microscopy of bone marrow aspirate, or blood/bone marrow PCR); and (ii) positive serological [RDT rK39-ICT and ELISA/iIFAT (enzyme-linked immunosorbent assay/indirect immunofluorescent antibody test)] test plus clinical response to treatment.
Patients with IC-VL were defined as those with VL with no apparent immunodeficiency, HIV-VL patients were defined as patients with VL plus chronic HIV infection, and IS-VL patients as those with VL receiving treatment with corticosteroids, methotrexate or anti-TNF drugs, regardless of the underlying disease. Delay in diagnosis was described as the days elapsed between the patient reporting the onset of symptoms and a diagnosis being made. Treatment outcomes were described as [3] : (i) initial response: clinical improvement at the end of treatment; (ii) relapse: recurrence (meeting VL criteria once again) after initial response; (iii) definitive response/cured patient: absence of clinical symptoms 1 year after finishing treatment or re-treatment after relapse; and (iv) failure: lack of initial response and/or relapse.
Haemophagocytic lymphohistiocytosis (HLH) was deemed present when at least five of the eight diagnostic criteria re-defined in 2004 by the HLH Study Group were met [12] . Only six of the eight criteria were evaluated (the absence of NK activity and soluble CD25 could not be tested): (i) fever; (ii) splenomegaly; (iii) cytopenia (affecting ≥ 2 of 3 lineages in the peripheral blood); (iv) hypertriglyceridaemia and/or hypofibrinogenaemia; (v) hemophagocytosis in the bone marrow, spleen or lymph nodes; and (vi) ferritin ≥ 500 µg/l.
Variables recorded and diagnostic tests performed
Epidemiological variables
The epidemiological variables recorded were age, gender, country of origin, ethnicity, delay in diagnosis, comorbidities (diabetes, cirrhosis, neoplasms), HIV and treatment with methotrexate, steroids or anti-TNF.
Clinical variables
The clinical variables recorded were symptoms at diagnosis: splenomegaly (examined physically or by ultrasonography/CT; defined as a spleen > 13 cm in cephalocaudal diameter), anaemia (haemoglobin < 12 mg/dl), leucopenia (< 4000 leucocytes/mm 3 ), thrombocytopenia (< 150,000 platelets/mm 3 ), C-reactive protein (CRP), erythrocyte sedimentation rate (ESR) and plasma ferritin.
Diagnostic variables and tests
Parasites were visualised by optical microscopy (bone marrow aspirate), cultivation (bone marrow aspirate) in Novy-MacNeal-Nicolle medium, or PCR-detected (Leishmania spp. DNA) in blood and bone marrow aspirate. All samples were sent to the National Center of Microbiology, ISCIII (Majadahonda, Madrid), for analysis.
Serological examination included immunochromatographic RDT based on antigen rK39-ICT, iIFAT and/or ELISA. The RDT (rK39-ICT) test was performed using colorimetric dipsticks, employing the SD Leishmania Ab kit (Standard Diagnostics, INC., Yongin-si, Gyeonggido, Korea) according to the manufacturer's instructions. These dipsticks detect antibodies against the rK39 antigen. The results are available in less than 1 h. Our hospital laboratory began using this test in April 2011. ELISA was used to detect total antibodies against Leishmania using the Leishmania ELISA IgG + IgM kit (Vircell Microbiologists, Granada, Spain). This technique is considered as reliable as iIFAT and has been available at our hospital since April 2011. Before April 2011, samples were sent to the Microbiology Department of the Hospital Universitario Severo Ochoa for iIFAT testing using the Leishmania Indirect Immunofluorescence Antibody Test kit (Vircell Microbiologists, Granada, Spain). Titres ≥ 1:80 were considered positive.
Treatment and outcome variables
The following treatment and outcome variables were recorded: type of treatment, dose, adverse effects (creatinine > 0.5 mg/dl over baseline, chills), initial response, relapse, definitive response/cure, failure and death.
Statistical analysis
Qualitative variables were characterized by their absolute and relative frequencies. Quantitative variables were analysed using the Kolmogorov-Smirnov test to determine if they fitted a normal distribution. Results are presented as the mean ± standard deviation (SD) for normally distributed variables, and as the medians plus interquartile range (IQR) for those that were not.
Results for categorical variables for the different patient groups were examined using the Chi-square test; when any frequency was < 5, Fisher's exact test was used. Non-categorical variables were compared using either Student's t-test (for parametric variables) or the KruskalWallis test (for non-parametric variables).
Multivariate logistic regression was performed to determine the association of different variables with "failure" and "relapse". The regression model included age, sex, sub-Saharan origin, delay in diagnosis, plasma ferritin, HLH, adequacy of liposomal amphotericin B (LAB) dose, compliance with secondary prophylaxis (patients with HIV-VL) and immunological status. Significance was set at P < 0.05. All calculations were performed using SPSS v.15.0 software for Windows.
Results
Distribution of cases by immunological status and year
Since the beginning of the outbreak, 111 patients have met the case definition criteria for VL. Fourteen patients clinically suspected of having VL returned positive serological results (1 by RDT rK39-ICT and 13 by ELISA) but did not meet the case definition criteria. Of these 14 patients, four had autoimmune disease, two were on immunosuppressant therapy, and for two a diagnosis of Q fever was made.
The 111 confirmed cases of VL were distributed as follows: 11 (10%) HIV-VL, 16 (14%) IS-VL and 84 (76%) IC-VL; Fig. 1 shows their diagnostic distribution by year compared to previous VL cases. Five (3.5%) IC-VL patients had liver cirrhosis and three (2.1%) had some type of active non-haematological malignancy. Tables 1 and 2 show patient baseline characteristics at the time of HIV-VL or IS-VL diagnosis. No cases of liver tumoral disease or congenital immunodeficiency were detected ( Table 2) . Table 3 and Fig. 2 show the clinical characteristics of the patients according to their immunological status.
Clinical features
The majority of affected immigrants came from Equatorial Guinea (n = 24) and Nigeria (n = 14), all of whom had been living in Spain for over 6 months. No significant differences were recorded for this group with respect to the mean distance to the focus of the outbreak (mean ± SD 908 ± 590 vs 955 ± 551 m for the remaining patients; ANOVA: F (1, 99) = 0.058, P = 0.810) or body weight before the start of treatment (79.5 ± 18.7 vs 75.4 ± 19.5 kg for the remaining patients; ANOVA: F (1, 105) = 1.313, P = 0.26).
Overall, 38% of the patients (56% of the IS-VL patients, 18% of the HIV-VL and 37% of the IC-VL patients) fulfilled the criteria for HLH (Table 3) . Table 4 shows the results for the HLH criteria assessed. Table 5 shows the results of the diagnostic tests. Before the introduction of the RDT (rK39-ICT) test, the median delay in diagnosis was 30 days (IQR: 18.5-82.5). After the introduction of the test it decreased to a median of 16 days (IQR: 10-28) (Kruskal-Wallis H-test: χ 2 = 5.094, df = 1, P = 0.024).
Diagnosis
Treatment and outcome
Three patients with IC-VL were not treated, two with IC-VL were lost to follow-up, and one died due to complications of advanced cirrhosis before starting treatment. A total of 108 patients therefore received treatment, 104 with liposomal amphotericin B (LAB) and four with amphotericin B lipid complex (LABC) (doses shown in Table 6 ). All HIV-VL patients received HAART and secondary prophylaxis for VL after their VL diagnosis.
An increase in creatinine of ≥ 0.5 mg/dl over baseline was observed in 35 patients (32%), but was reversible in all cases. Chills were recorded in 10 patients (9%). No significant differences in adverse effects were seen between the patient groups. All but one patient met the initial response criteria (99%). The median follow-up of all treated patients was 316 weeks (IQR: 216-370), with no significant differences with respect to immunological status. Fourteen treatment failures (12.9%) were noted, 13 relapses (12%) and one lack of initial response (0.9%) ( Table 6 ). Only four of the 14 patients who failed met the criteria for HLH (29%). No association was seen between meeting the criteria for HLH and relapse (P = 0.315). Table 7 shows the detailed characteristics of the eight IC-VL patients who relapsed.
Multivariate analysis identified treatment failure and relapse to be associated with doses of < 21 mg/kg in IC-VL patients (OR: 14.7; 95% CI: 2.6-83.3; P = 0.002) and non-compliance with prophylaxis in HIV-VL (OR: 7.2; 95% CI: 1.5-34.2; P = 0.013).
Discussion
Clinical features
The epidemiological characteristics of patients with VL in Fuenlabrada have undergone no substantial changes since the outbreak was declared ten years ago [2] . The present sample is dominated by males, as is the case for most VL case series [13] [14] [15] [16] , and contains patients of all ages (up to 95 years), as might be expected from data for epidemic outbreaks in non-endemic areas. In previous IC-VL series, male children dominated the sample, both in Spain [17] and in Italy [13, [18] [19] [20] . These Italian series from more than 20 years ago still form the basis of current treatment guidelines for VL, including for adults, in the Mediterranean area. In the present outbreak, the patients with IS-VL were older. A disproportionately high number of sub-Saharan immigrants with VL has been recorded since the beginning of the outbreak, despite the fact that the foreign population makes up only 13% of Fuenlabrada's population [2] , perhaps due to genetic factors [6] . The present results suggest that they were not infected in their countries of origin, and no differences were seen between them and the remaining patients in terms of the distance they lived from the focus of the outbreak.
Fever, splenomegaly and pancytopenia are the main clinical criteria of VL [3, 7] , and affected > 90% of the patients in the present study. For many, cough, headache (in 30%), vomiting and abdominal pain were recorded, non-specific symptoms that hinder making a differential diagnosis. Certainly, thrombocytopenia, splenomegaly and non-specific focalizing symptoms can be confused with viral syndromes, or malaria in the case of subSaharan patients, or immunosuppressant-induced pancytopenia in the case of IS-VL patients. In areas where VL is little expected, diagnosis can become difficult, as revealed by the high median diagnostic delay in the first years of the outbreak.
Fever and plasma ferritin were the only clinical features that were less frequent in patients with HIV-VL. A lower proportion of patients with fever has been described in transplanted patients with VL [21] . This has been related to the incapacity of the humoral immune system to act against the parasite. However, the clinical presentation of disease was similar across the three patient groups. Some atypical forms, such as mucosal leishmaniasis and asymptomatic carriers, can be more common in patients co-infected with HIV, but in our experience the clinical presentation of HIV-VL was similar, in most cases, to that of IC-VL [11] . A large number of patients met the criteria for HLH, a syndrome associated with very high mortality [12] . However, no higher mortality nor risk of relapse was seen in the present work; indeed, the response to treatment for VL was good. In the Fuenlabrada setting, VL needs to be ruled out in all cases of HLH given its prognostic implications [22] . In the IC-VL and IS-VL patients, plasma ferritin was notably elevated; indeed, such concentrations are associated with very few diseases and in the present context can be taken as a relatively specific sign of VL.
A high percentage (30%) of patients were positive for auto-antibodies (commonly found in patients with VL) and for antibodies to other infectious agents (especially Borrelia and Coxiella) (45%). VL can therefore be initially confused with autoimmune disease [23] , and certainly the cross-reactivity of these auto-antibodies with the histone protein of Leishmania [24] has been described. Thus, patients with autoimmune disease but without VL may 
Table 5 Diagnostic test results
Abbreviations: RDT (rK39-ICT), rapid diagnostic test, immunochromatographic test based on rK39 antigen; n, sample size for each group; IC-VL, visceral leishmaniasis in immunocompetent patients; HIV-VL, visceral leishmaniasis in patients with HIV; IS-VL, visceral leishmaniasis in immunosuppressed patients (receiving steroids, methotrexate, anti-TNF); n/T, number of positives/total number of tests performed 
Diagnosis
RDT based on rK39 was introduced during the outbreak as a first step test in the diagnosis of VL. Combining the RDT test with conventional testing is now recommended in the WHO European guidelines 2017 [3] , but this was not the case in 2010 [7] . Although RDT has been reported as a sensitive and specific test (> 90% for both), the results returned have been highly variable by region [10] . The two studies performed in Europe reported sensitivities of between 52 and 100% [25, 26] . Its reliability for detecting L. infantum in Europe is therefore not clear. RDT (rK39-ICT) returned positive results for only 50% of patients with actual VL, although it had a positive predictive value (PPV) of 99%. Thus, a negative test cannot rule out VL, but a positive test for a patient in whom VL is clinically suspected is almost confirmatory. Conventional iIFAT and ELISA returned positive results for 96% of patients with VL, but at least 13 patients had false positive results (PPV 89%). This loss of specificity is not surprising in the context of an epidemic in which there may be many asymptomatic patients exposed to Leishmania who return a positive serological test. Thus, according to the present results, a patient with suspected VL who returned both positive RDT (rK39-ICT) and ELISA/iIFAT tests (regardless of the antibody titre) could be treated without the need for any additional test, while another disease should be sought in a patient returning two negative results. The WHO guidelines recommend that, where there is disagreement, a parasitological test is advisable, but in our experience this disagreement always involves a negative RDT (rK39-ICT) and a positive ELISA/iIFAT test. No serological differences were detected between the IC-VL, IS-VL and HIV-VL patients. Based on older series, serological results are usually understood to be the least reliable for diagnostic purposes in patients with HIV-VL [11] . However, a recent meta-analysis detected better results for the most current series [27] . This might be explained in that these older series involved patients who were infected via the sharing of needles. Only three of the present HIV-VL patients acquired HIV via the parenteral route, and even in these patients, HIV was diagnosed at least 16 years before VL. It is therefore likely that all were infected via the normal vector. To examine this further, clinical and epidemiological data should be included in future studies on the serology of HIV-VL patients.
Treatment and outcome
The treatment of choice for L. infantum-induced IC-VL is LAB (18-21 mg/kg total), but the recommendation level is low [3, 8] : no double-blind randomised studies comparing different treatment regimens have been undertaken, the case series on which this treatment choice is based are > 20 years old, and the data extracted from them refer largely to Italian children [13, 18, 19, 28] . In one of these studies, 15 mg/kg LAB cured 90% of the patients [13] . Given the renal toxicity of this drug, two of the present IC-VL patients were treated with 15 mg/kg. A cure rate of 100% was hoped for, but one patient relapsed. In addition, five IC-VL patients were treated with a dose of 18 mg/kg, as recommended by current guidelines [7] , and three of these (60%) relapsed. Thus, an unexpectedly high relapse rate was observed with the < 21 mg/kg dose, which was in fact the only factor associated with relapse in the IC-VL patients. One might hypothesise about the virulence of the strain [29] or whether there are higher relapse rates among sub-Saharan patients, but the differences are not statistically significant. In our routine practice we strongly recommend the use of the standard regimen approved by the FDA for adults, i.e. 3 mg/kg/day on days 1-5, 14 and 21 in adults with IC-VL [8] , avoiding other regimens and doses based on results obtained in children [13, 20] . Some guidelines recommended that patients with IC-VL should be followed up for 6-12 months [7, 8] . During the outbreak, two of our patients (25%) relapsed after six months; it would therefore seem sensible to monitor patients for up to 12 months [3] .
Only three patients with active VL died during the outbreak: one IS-VL and two IC-VL patients. The latter two had severe chronic liver disease and were in a pretransplant situation; the main cause of their deaths was deemed to be liver disease. However, the patients who also had cancer responded well, with no relapses.
Most guidelines recommend a higher dose of LAB (40 mg/kg) for patients co-infected with Leishmania and HIV, but the level of evidence for this is very low [3, 8] .
A 30 mg/kg dose has also been recommended [7] . These recommendations were initially based on two case series, one of ten patients [30] and one of five patients [31] , collated during the pre-HAART era. In both studies the initial response was good, but the percentage of relapses was high since secondary prophylaxis was not provided [32] . Although later, non-randomized studies that included HAART and secondary prophylaxis with LAB endorsed this strategy [33] , the dose has not been re-evaluated despite some case series studies reporting an initial response with 15 mg/kg [34] , 22 mg/kg [35] and 30 mg/kg [18] . The present HIV-VL patients had a good initial response to both the 30 and 40 mg/ kg doses, so these lower doses seem appropriate. With current HAART, patients may certainly require less than 30 mg/kg, and secondary prophylaxis could likely be safely avoided in selected patients [36] . Multicentre trials to investigate the treatment of HIV-VL have been called for in different reviews [9, 33] .
Finally, the IS-VL patients formed a heterogeneous group. It has been reported that steroids, methotrexate and anti-TNF drugs may favour the appearance of VL (these patients are considered immunosuppressed) [9, 37, 38] . Current recommendations suggest they should be managed in a manner similar to IC-VL patients, but this is based on evidence provided by individual cases [3, 8, 9 ]. The present IS-VL patients responded similarly to doses of 21 and 40 mg/kg LAB, and no factor associated with the few relapses recorded could be identified. More information on the treatment of such patients is required.
The main limitation of this work is its observational nature. For any conclusions to be drawn regarding the diagnostic tests performed or different treatment regimens tried, comparative clinical trials would need to be performed. In addition, the data were collected during an epidemic outbreak, and the sample excludes children and the recipients of solid organ transplants (to whose populations the results cannot be extrapolated).
Conclusions
IS-VL was more frequent than HIV-VL; the lack of experience in dealing with IS-VL is a challenge that needs to be met. Given the present setting, it was deemed always appropriate to consider VL in the differential diagnosis of fever, splenomegaly, pancytopenia and very high plasma ferritin. The clinical features of the patients in each group were similar, although HIV-VL patients had less fever and lower plasma ferritin. RDT (rK39-ICT) was found to be highly specific as a diagnostic test, but much less sensitive than reported in other scenarios; however, a combination of positive RDT and ELISA or iIFAT tests is enough to warrant the start of treatment. The serology of HIV-VL, IS-VL and IC-VL patients was similar. Current guidelines for treatment seem appropriate, but the doses of LAB requited to treat patients with HIV-VL and IS-VL are poorly defined; more information is needed. The standard regimen of LAB (3 mg/kg/day on days 1-5, 14 and 21) seems appropriate for the treatment of adults with IC-VL, but not lower doses. Developing methods to help predict relapse would be very useful.
Abbreviations VL: visceral leishmaniasis in immunocompetent adults; IC-VL: visceral leishmaniasis in immunocompetent adults; HIV-VL: visceral leishmaniasis in patients with HIV; IS-VL: visceral leishmaniasis in patients receiving immunosuppressants; RDT (rK39-ICT): rapid diagnostic test, immunochromatographic test based on rK39 antigen; LAB: liposomal amphotericin B; HAART : highly active antirretroviral therapy; HUF: Hospital Universitario de Fuenlabrada; HLH: haemophagocytic lymphohistiocytosis.
